Rationale: As the life expectancy for individuals with cystic fibrosis (CF) continues to improve, an emphasis on optimizing health-related quality of life (HRQoL) has become increasingly important. The Cystic Fibrosis Questionnaire-Revised (CFQ-R 141) is the most widely accepted method to quantify HRQoL in this patient population.
nutritional outcomes, the impact of treatment burden and extrapulmonary conditions such as diabetes on healthrelated quality of life (HRQoL) are likely to grow in importance.
The two most common CF-specific HRQoL instruments are the Cystic Fibrosis Questionnaire-Revised (CFQ-R) and Cystic Fibrosis Quality of Life questionnaire (CFQoL). Both questionnaires are considered valid HRQoL instruments, measure multiple dimensions (e.g., physical, social, and emotional functioning), and have demonstrated adequate reliability, internal validity and clinical sensitivity (3) (4) (5) . However, the CFQ-R is the most widely used HRQoL instrument in CF-related research, and its Respiratory domain has been approved by the U.S. Food and Drug Administration (FDA) for use as an endpoint in clinical trials (6) .
As individuals with CF live longer, it is important to identify sociodemographic and clinical factors associated with HRQoL in this aging cohort. Equipped with this knowledge, CF clinicians can focus their efforts on prioritizing and optimizing the management of factors that impact most on HRQoL. The objective of this study was to systematically review the literature to identify sociodemographic and clinical factors associated with HRQoL in adolescents and adults, as measured by the CFQ-R 141.
Methods

Study Population
The patient population of interest was defined as adolescents and adults (>14 yr old) who were diagnosed with CF based on a positive sweat chloride test and/or positive CF genotyping. Observational studies investigating the association between sociodemographic and clinical factors with HRQoL measured by the CFQ-R 141 were included in this study (4) . Studies using the predecessor of the CFQ-R 141, the Cystic Fibrosis Questionnaire for adolescents and adults (CFQ 141) were also included. A list of all a priori chosen candidate factors has been outlined in Table 1 . These factors were chosen after discussion with CF clinical experts with the purpose of establishing a comprehensive list of variables that were both clinically meaningful and could influence HRQoL (e.g., sociodemographic, clinical, comorbidities). A detailed description of the considerations used regarding the CFQ-R 141 is provided in the online supplement.
Search Strategy
Our search strategy followed the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines (7) . A search was conducted of articles published in the English language between January 1, 1989 and April 1, 2014 using MEDLINE, EMBASE, CENTRAL, CINAHL, and psychINFO. A detailed description of the search strategy for each literature database is provided in the supplemental METHODS and Table E1 on the online supplement.
Data Collection Process
Once eligible articles for full-text review were identified, a standardized data collection form was established according to PRISMA, Meta-analysis of Observational Studies in Epidemiology (MOOSE), the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines, and the Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) Working Group (7) (8) (9) (10) . This included an evaluation of study and patient characteristics, a description of the patient population from which the study sample was recruited, sociodemographic factors and clinical characteristics of the subjects included, description of statistical methods, magnitude of observed effects, and an assessment of study quality and potential risk of bias (Table E2) . As described by the GRADE Working Group, all articles were 
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initially considered as "low" quality (7-10). Articles were considered as "moderate" quality if they had used multivariable methods to account for potentially confounding factors and/or were national, epidemiological studies. Studies were considered "very low" quality if potentially deleterious bias was suspected in recruitment and/or analysis.
Synthesis of Results
To synthesize results extracted from studies, candidate factors that were examined in at least two studies were analyzed. To accommodate the heterogeneity in reporting of results, the standardized data collection form included details pertaining to the appropriate statistical tests required to quantify the association between candidate factors with CFQ-R 141 domain scores. A detailed description of the methodology used to synthesize results extracted from studies included in the final collection is provided in the online supplement. To consolidate our findings, we calculated the proportion of studies reporting significant findings (i.e., P value , 0.05) for each candidate factor on each of the 12 CFQ-R 141 domains.
Results
Study Selection
The study selection was a total of 2,677 potentially relevant abstracts and articles. After removing duplicates (n = 756), a total of 1,921 abstracts were reviewed for eligibility. A total of 199 articles were eligible for fulltext review. After full-text review, 28 articles met the inclusion and exclusion criteria as illustrated in Figure 1 (4, . No additional articles were found from screening the reference lists of these 28 articles.
Summary of Risk of Bias, Study Design, and Subject Characteristics
According to the GRADE system of Quality of Evidence, 36% of studies were moderate quality, 57% were low quality, and 7% were very low quality. The characteristics of included studies are described in Table 2 , and the composition of study participants is detailed in SYSTEMATIC REVIEW (3, 33) , Respiratory Symptoms (correlation coefficient, 20.19) (3), and Health Perceptions (correlation coefficient, 20.22) (3) in all studies investigating these domains (Table 3) .
Of the statistically significant bivariable associations, only Physical Functioning remained associated with age after adjustment in multivariable analysis. Two additional studies examined the relationship between age and CFQ-R 141 domains using multivariable methods (28, 32) . Sawicki and colleagues found that age was only associated with the domain Treatment Burden after adjustment for sex, BMI, maximum FEV 1 % predicted, frequency of pulmonary exacerbations, and sputum culture positive for Burkholderia cepacia and/or Pseudomonas aeruginosa (28). Dill and colleagues found that age was associated with Physical Functioning, Social Functioning, and Treatment Burden after adjustment for sex, weight, education, FEV 1 % predicted, pancreatic insufficiency, frequency of exacerbations, and the probability of participants being sampled from the eligible population (32) . In both studies using multivariable methods, Treatment Burden was consistently associated with age, but the association with Physical Functioning and Social Functioning was inconsistent. Definition of abbreviations: BMI = body mass index; CF = cystic fibrosis; GRADE = Grades of Recommendation, Assessment, Development, and Evaluation; M = multicenter; S = single center. *Proportion of subjects among the entire study sample who were > 14 years of age. † Subjects recruited from online discussion boards and social media websites. We have categorized this as multicenter because it is unclear if these subjects received care from a single center.
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Sex. In bivariable analysis, female subjects reported significantly higher scores on the Body Image domain than male subjects in three of four studies (4, 11, 15) . However, female subjects scored significantly lower on the domains of Emotional Functioning in four of six studies (4, 15, 25, 33) , Social Functioning in three of six studies (4, 25, 33) , Respiratory Symptoms in two of four studies (4, 21) , and Physical Functioning in two of six studies (Table 3) (4, 25) .
Two studies examined the relationship between sex and CFQ-R 141 domains using multivariable analysis (28, 32) . Sex was significantly associated with Body Image and Physical Functioning in both studies. Sawicki and colleagues found that female subjects scored significantly higher on the Body Image domain and lower on Physical Functioning than male subjects, after adjustment for age, maximum FEV 1 % predicted, BMI, frequency of pulmonary exacerbations, and positive sputum culture for B. cepacia and/or P. aeruginosa (28). Dill and colleagues also found that female subjects scored significantly higher on the Body Image domain and lower on Physical Functioning than male counterparts, after adjustment for age, weight, education, FEV 1 % predicted, pancreatic insufficiency, frequency of exacerbations, and sampling method (32) .
Employment. Employment, defined as current participation in part-or full-time employment or school, was associated with higher scores on all CFQ-R 141 domains in bivariable analysis (35 (Table 3) . FEV 1 % predicted was not associated with Digestion in any of the 11 studies having evaluated this domain (3, 4, 11, 13-15, 17-19, 22, 26) .
Of the significant bivariable associations, 9 of 11 domains were still significant in at least one of the two studies using multivariable methods (28, 32) . However, Emotional Functioning and Social Functioning were no longer associated with FEV 1 % predicted after adjustment. Both studies using multivariable analysis found that FEV 1 % predicted was associated with Physical Functioning and Treatment Burden. Sawicki and colleagues adjusted for age, sex, BMI, frequency of pulmonary exacerbations, and sputum culture positive for B. cepacia and/or P. aeruginosa (28). Dill and colleagues adjusted for age, sex, weight, education, pancreatic insufficiency, frequency of exacerbations and the probability of participants being sampled from the eligible population (32) .
BMI. In bivariable analysis, BMI was consistently associated with the Body Image (correlation coefficients, 0.28 to 0.54) and Weight (correlation coefficients, 0.43 to 0.47) domains in 6 of 7 studies (3, 4, 13, 15, 17, 22) . BMI was also associated with Eating Disturbances (5 of 7 studies, correlation coefficients, 0.16 to 0.44) (3, 13, 15, 18, 22) , Health Perceptions (4 of 7 studies, correlation coefficients, 0.14 to 0.30) (3, 13, 14, 18) and Vitality (1 of 7 studies, correlation coefficient, 20.24) (14) .
Compared with bivariable findings, only the domains of Body Image, Weight, and Vitality remained significantly associated with BMI after adjustment for age, sex, FEV 1 % predicted, frequency of pulmonary exacerbations, and sputum culture positive for B. cepacia and/or P. aeruginosa (15) .
Pulmonary exacerbations. In bivariable analysis, Quittner and colleagues found that pulmonary exacerbations were associated with significantly lower scores on all CFQ-R 141 domains (effect sizes, 20.09 to 20.83) (4). Wojewodka and colleagues also compared the presence or absence of pulmonary exacerbation on CFQ-R 141 scores and found significant differences in Physical Functioning, Emotional Functioning, Role Functioning, Body Image, Health Perceptions, and Weight, but effect estimates were not reported (36) .
Compared with bivariable findings, Dobbin and colleagues found that scores for individuals experiencing a pulmonary exacerbation were significantly lower on 5 of 12 domains (Respiratory Symptoms, Physical Functioning, Vitality, Role Functioning, and Health Perceptions), after adjustment for age and sex (16) .
Frequency of pulmonary exacerbations.
In bivariable analysis, Quittner and colleagues found that increased frequency of pulmonary exacerbations was associated with lower scores on the domains of Physical Functioning (correlation coefficient, 20.35), Vitality (correlation coefficient, 20.25), Role Functioning (correlation coefficient, 20.32), Health Perceptions (correlation coefficient, 20.30), and Respiratory Symptoms (correlation coefficient, 20.27) (7). All other domains were not significantly correlated with frequency of pulmonary exacerbations (7) .
All domains significantly associated with frequency of pulmonary exacerbations in bivariable analysis were also supported in studies using multivariable methods. Sawicki and colleagues found that frequency of pulmonary exacerbations was associated with Role Functioning, Eating Disturbances, Body Image, Respiratory Symptoms, and Weight, after adjustment for age, sex, BMI, FEV 1 % predicted, and sputum culture positive for B. cepacia and/or P. aeruginosa (14) . Dill and colleagues also found that frequency of pulmonary exacerbations was associated with all CFQ-R 141 domains except for Digestion, after adjustment for age, sex, weight, education, FEV 1 % predicted, pancreatic insufficiency, and sampling method (32) . Consistent associations in multivariable analysis were found regarding Respiratory Symptoms, Role Functioning, Body Image, Eating Disturbances, and Weight.
Pseudomonas aeruginosa infection. In bivariable analysis, Ashish and colleagues found that individuals harboring the Liverpool Epidemic Strain (LES) of P. aeruginosa reported significantly lower scores for Physical Functioning, Emotional Functioning, Role Functioning, Body Image, and Weight, and higher scores for Respiratory Symptoms and Treatment Burden compared with individuals with non-LES P. aeruginosa infection (29) .
However, individuals infected with non-LES P. aeruginosa reported significantly lower scores only on the Body Image domain, compared with individuals without any P. aeruginosa infection (29) . Among individuals infected with P. aeruginosa, those with LES reported significantly worse scores on all domains except Body Image and Weight. A secondary analysis using propensity scores found that individuals with LES P. aeruginosa reported significantly lower scores for Physical Functioning, Treatment Burden, Health Perceptions, and Respiratory Symptoms domains, when compared with those infected with non-LES P. aeruginosa (29) .
In multivariable analysis, Sawicki and colleagues compared CFQ-R 141 domain scores between individuals with or without P. aeruginosa infection, regardless of strain (28) . No significant associations were found for any domains of the CFQ-R 141 and P. aeruginosa infection (28) .
Depression. Depression was assessed using the Beck Depression Inventory. Scores were considered continuous, and correlation was investigated with each CFQ-R 141 domain. Riekert and colleagues found that greater depressive symptoms were associated with worse scores on all domains of the CFQ-R 141 (correlation coefficients, 20.21 to 20.74) (17) . All associations remained significant despite stratification by lung function, except the Weight domain (correlation coefficients, 20.44 to 20.85) (17) .
In a second study, Havermans and colleagues used the Hospital Anxiety and Depression Scale to quantify depression (19) . Individuals scoring greater than 8 were considered depressed. The authors found that depression was significantly associated with Emotional Functioning, Eating Disturbances, and Body Image, despite adjustment for lung function (25) .
Symptom burden. Symptom burden was measured using the Memorial Symptom Assessment Scale (MSAS), to assess the severity, frequency, and distress caused by psychological, gastrointestinal, and respiratory symptoms (13, 26) . Symptom burden was categorized into three CF-specific groups: psychological (MSAS-CF-PSYCH), gastrointestinal symptoms (MSAS-CF-GI), and respiratory symptoms (MSAS-CF-RESP). In bivariable analysis, Sawicki and colleagues found that all symptom burden groups were associated with Emotional Functioning, Respiratory Symptoms, Digestion, and Weight (correlation coefficients, 20.11 to 20.69) (26) .
In multivariable analysis, Sawicki and colleagues found that MSAS-PSYCH was associated with Vitality, Emotional Functioning, Social Functioning, Role Functioning, Eating Disturbances, Body Image, and Weight, after adjustment for several sociodemographic and clinical factors (28) . MSAS-CF-GI was associated with Role Functioning, Eating Disturbances, Body Image, and Weight (13) . MSAS-CF-RESP was associated with all CFQ-R 141 domains, except Eating Disturbances and Body Image (13).
Discussion
As the life expectancy for individuals with CF increases, the prevalence of extrapulmonary comorbidities continues to rise. This has shifted the concern of CF care providers to achieving a balance between maintaining lung function and nutritional status and preventing/managing age-and disease-related chronic conditions such as diabetes. With many potentially competing diagnoses and treatments, the emphasis on optimizing HRQoL has become increasingly important. The primary purpose of this systematic review was to identify sociodemographic and clinical factors associated with the CFQ-R 141 in adolescents and adults so that clinicians can prioritize issues that have the most significant impact on HRQoL.
All articles included in this review were observational, the majority of which were of low quality (57%). Few studies (36%) used multivariable methods to adjust for potentially confounding variables or were national epidemiological studies. In total, 10 sociodemographic/clinical factors were found to be associated with domains of the CFQ-R 141 and were examined in at least two studies. FEV 1 % predicted has been the most widely studied factor to date and consistently associated with multiple domains of the CFQ-R except Digestion, Social Functioning, and Emotional Functioning. The consistent absence of a significant correlation between FEV 1 % predicted and Digestion strongly suggests divergent validity for the included studies. As expected, lower BMI was associated with worse Body Image and less Vitality. Pulmonary exacerbations were consistently associated with Respiratory Symptoms, Physical Functioning, Vitality, Body Image, Eating Disturbances, Weight, and Role Functioning, the latter most likely attributed to the adverse impact these events and their treatments have on work or school absenteeism and productivity (37) .
A sex gap in survival has been reported in international CF registries, with female patients demonstrating a survival disadvantage (38) (39) (40) . There remains no confirmed explanation for the observed disparity in health outcomes for female patients with CF despite multiple mechanisms being postulated (41) (42) (43) . In studies using multivariable methods included in this systematic review (28, 32) , female subjects consistently reported lower scores on the domain of Physical Functioning and higher scores with respect to Body Image. Both of these important observations might provide potential insights into the sex survival gap. A previous study using the CFQoL questionnaire has linked Physical Functioning to reduced survival in CF (44) . Therefore, reduced Physical Functioning might be in the causal pathway for the worse health outcomes observed for female patients with CF or at least be a marker of more advanced disease independent of traditional markers of disease severity. Future studies are required to determine if interventions such as exercise training targeted at improving Physical Functioning in female patients can improve health outcomes and reduce the survival gap. The higher scores for Body Image reported by female subjects are contrary to expectations, but a prior study using the CFQoL questionnaire has also demonstrated better HRQoL on this domain for female subjects relative to male subjects with CF (45) .
A potential explanation for this based on a study by Abbott and colleagues is that male patients with CF desire to be heavier and more muscular and are thus less content with their body image, whereas female patients desire to be thinner (due to cultural stereotypes) and are often content with their lower body weight (46) . Malnutrition has been epidemiologically linked to worse survival in CF (41, 47) . As both male and female patients with CF tend to be undernourished compared with the general population (39), efforts to optimize weight and nutritional status are less likely to be SYSTEMATIC REVIEW successful in underweight adolescent/adult female patients compared with male patients, as they are more likely to be satisfied with their lean body habitus and thus less likely to feel compelled to gain weight.
Older age was consistently associated with greater Treatment Burden scores even after adjusting for lung function, chronic P. aeruginosa and B. cepacia infection status, and pulmonary exacerbations (28, 32) . This finding suggests that therapies related to the treatment of other extrapulmonary comorbidities (e.g., CFRD, osteoporosis, depression) that rise in prevalence with age (2) increase treatment burden and complexity over a lifetime. Studies have demonstrated that adults with CF administer an average of seven therapies per day and spend an average of 2 hours per day performing airway clearance techniques and treatments (23) . CF care providers must remain sensitive to the impact of adding additional treatments over a lifetime, as this may adversely affect HRQoL and treatment adherence (48, 49) .
This systematic review had several potential limitations. First, the data synthesis criteria (i.e., candidate factors examined in at least two studies) might have introduced selection bias with overlooking of factors associated with CFQ-R based on single studies. For example, number/ frequency of medications prescribed (23) and minority status (i.e., African American and Hispanic) (24) were associated with worse HRQoL based on the CFQ-R in individual studies but were not summarized in this review. However, this criterion was incorporated to minimize conclusions based on single studies with potentially spurious findings. Second, we focused on the cross-sectional associations between the factors of interest and CFQ-R domain scores. CFQ-R domain scores can change over time in response to treatment and changes in health status. However, with the exception of studies focused on the impact of exacerbations on CFQ-R, most studies examined the association between factors and the CFQ-R when study subjects were clinically stable, which would have increased the likelihood that self-reported CFQ-R scores were representative of their usual health status. Last, cross-sectional associations cannot be used to infer cause and effect, and therefore longitudinal studies are required to evaluate the impact of the candidate factors on HRQoL.
Although this systematic review has found several sociodemographic and clinical factors associated with CFQ-R domains among adolescents and adults, the HRQoL impact of other chronic disease-related complications (e.g., CFRD, chronic rhinosinusitis, depression, osteoporosis, arthritis) requires further examination. For example, with nearly 50% of the adult population developing CFRD, it is important to understand the relative impact this condition has on HRQoL, as it often necessitates frequent blood glucose monitoring and insulin therapy. Other sociodemographic factors (e.g., race, income, education), psychosocial factors (e.g., coping, interpersonal relationships, marriage, parenthood), and treatment-related factors (e.g., number of medications, methods of administration, frequency of dosing) also must be examined, given the growing complexity in life experiences and treatment burden of the adult CF population.
In conclusion, HRQoL is an important outcome measure in CF, and we have summarized a number of sociodemographic and clinical factors relating to multiple domains of the CFQ-R 141. FEV 1 % predicted and pulmonary exacerbations have the broadest impact on HRQoL and should remain the focus of attention for CF clinicians. Future studies examining HRQoL in adults with CF should also focus on the impact of other chronic CF-related conditions, psychosocial factors, and treatment-related factors that rise in prevalence or complexity with age and could adversely impact on HRQoL. n
